Closed and semi-closed plant growth chambers have long been used in 1 studies of plant and crop physiology. These studies include the measurement of 2 photosynthesis and transpiration via photosynthetic gas exchange. 3 Unfortunately, other gaseous products of plant metabolism can accumulate in 4 these chambers and cause artifacts in the measurements. The most important of 5 these gaseous by products is the plant hormone ethylene (C 2 H 4 ). In spite of 6 hundreds of manuscripts on ethylene, we still have a limited understanding of the 7 synthesis rates throughout the plant life cycle. We also have a poor 8 understanding of the sensitivity of intact, rapidly growing plants to ethylene. We 9 know ethylene synthesis and sensitivity are influenced by biotic and abiotic 10 stresses but such whole plant responses have not been accurately quantified.
.
3
In addition to genetics, environmental factors including light, temperature, 4 O 2 , and CO 2 influence C 2 H 4 production (Abeles et al., 1992; Finlayson and Reid, 5 1996; Grodzinski and Woodrow, 1989; Preger and Gepstein, 1984; Sanders et 6 al., 1990; Sisler and Wood, 1988) . How these factors influence C 2 H 4 perception 7 is not well understood. Burg and Burg (1967) classified hypoxia (< 5% O 2 ) as an inhibitor of C 2 H 4 responses, but later studies found no effect of hypoxia on C 2 H 4 1 binding activities in plants (Sanders et al., 1990) .
2 Gubrium et al. (2000) observed significant differences between the 3 temperature responses of insensitive transgenic petunias and wild-type plants, 4 suggesting a possible interaction between temperature and C 2 H 4 perception. We 5 found that ethylene sensitivity decreased with increasing temperature in wheat 6 ( Fig. 3) . As a gas, the water solubility of C 2 H 4 decreases with increasing 7 temperature so lower cytoplasmic C 2 H 4 concentrations would occur at high 8 temperature at a given atmospheric C 2 H 4 concentration. This effect may 9 contribute to reduced sensitivity with increasing temperature. However, based 10 on the Ostwald coefficient for the distribution of C 2 H 4 between gas and water, the 11 cytoplasmic concentration only decreases about 0.25% per 1 ºC between 15 and 12 23 ºC or 2% over this temperature range (Sisler, 1991) . Previously we showed 13 that ethylene inhibited anther dehiscence in wheat and we now hypothesize that 14 warmer temperatures promotes dessication of the anthers, improving pollination 15 in ethylene exposed plants (Campbell et. al., 2001) .
16
Carbon dioxide is of particular interest since it is normally high in space 17 environments and is commercially used in fruit storage to inhibit the ripening 18 action of C 2 H 4 (Yang, 1985) . Burg and Burg (1967) reported that CO 2 19 competitively inhibitsC 2 H 4 action, but only at very high levels (10%). Later 20 studies suggested the inhibitory effects of CO 2 are non-competitive (Sisler, 1979; 21 Sanders et al., 1990) . We found no interaction between elevated CO 2 (1200 and 1 2001). found exactly opposite results between the two methods. The reason for this 12 discrepancy was shown to be due to a drop in CO 2 in the sealed vials of tissues 13 under the light (Kao and Yang, 1982) . Finlayson and Reid (1996) demonstrated 14 that excised roots respond differently to CO 2 than intact plants and warned of the 15 danger of using excised tissues.
Investigations on the effects of water stress have also been subject to 17 problems with methodology. Morgan et al. (1990) showed that detached leaves 18 react differently to drying than intact plants and this was verified by Narayana et 19 al. (1991) . Tong and Yang (1987) suggested that the temperature response of 20 ethylene synthesis was also different between leaf discs and intact plants. Production rates can be 10 to 20 times higher in stressed plants.
10
Environmental conditions that influence ethylene production include: 3. Xu and Qi (1993) found no effect of slowly developing drought stress on 18 ethylene production, but that rapidly developing drought stress promoted 19 ethylene production. 4. Field and Barrowclough (1989) found that ethylene production increased with 21 temperature. (1980) observed lower ethylene production rates in 1 the light than in the dark in a variety of dicots and monocots. inhibits production (Morgan and Drew, 1997; Xu and Qi, 1993) . Reduced 10 ethylene production is expected in the field since drought stress typically occurs 11 slowly. However, water stress occurs rapidly in highly porous media, especially 12 when the root-zone volume is restricted. The rapid induction of water stress in 13 these conditions would probably increase ethylene synthesis. 25 kPa was applied, and then to 0.7 nmol kg -1 DW s -1 at 100 kPa after 10 hours of 20 treatment (Fig. 4) . Root elongation was significantly inhibited. The effects of 21 pressure on root elongation and radial expansion were similar to the effects of 22 applied ethylene. When ethylene production in impeded roots was inhibited, elongation increased to 90% of the control, suggesting that ethylene causes the 1 roots to overreact to the impedance. found characterizing ethylene production rates as a function of temperature for 8 intact plants.
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Quantity and quality of photosynthetic radiation 10 Light intensity has been shown to both increase and decrease ethylene 11 production. Many earlier studies that implicated light as an inhibitor of ethylene 12 production have since been discredited due to a lack of control of CO 2 13 (Grodzinski, 1984; Kao and Yang, 1982; Weckx and Van Poucke, 1989) . Even 14 when CO 2 levels have been controlled, the effect of light intensity on ethylene 15 production has been mixed. Grodzinski (1984) found little difference between 16 light and dark rates of ethylene production in C 3 plants but higher rates in the 17 light in C 4 plants. Others have reported that light increased ethylene production 18 in a variety of monocots and dicots but did not test light levels higher than 150 19 µmol m -2 s -1 (Knee et al., 2000; Weckx and Van Poucke, 1989) . Bassi and 20 Spencer (1983) reported that light had no effect on ethylene production by intact 21 plants of tobacco, sunflower, soybean, and tomato in a flow-through system. The effect of light intensity on the ethylene production of intact plants throughout the 1 life cycle has not been examined.
2 Light quality has also been shown to effect ethylene production both 3 positively and negatively and is regulated in part by phytochrome (Finlayson et 4 al., 1998; Vangronsveld et al., 1988; Corbineau et al., 1995) . These studies all , 1998) . The breeding lines with mutations in the genes ETR1-3, EIN2-1, and 8 EIN4 are highly insensitive to atmospheric ethylene. Even in the presence of 10 9 ppm ethylene, these mutant genotypes have root and shoot elongation similar to 10 wild-type in ethylene-free air (Roman et al., 1995) .
11
Selective perception mutants 12
Ethylene elicits many developmental responses. Selective perception 13 mutants have selectively altered ethylene responses. These mutants affect 14 biochemical changes that are downstream from the initial ethylene binding.
15
Some of these mutants lack one of the ethylene responses without affecting 16 other responses. For example, the mutant eir1 has a normal ethylene response 17 in the shoot but lacks sensitivity in the roots, although the roots fail to respond to 18 gravity (Roman et al., 1995) . The so-called hook-less mutant (hls1-1) lacks the 19 typical ethylene response of seedlings, but has accelerated development with 20 much earlier flowering than non-mutated plants (Guzman and Ecker, 1990) .
21
Mutants may exist that are insensitive to ethylene during anthesis but 22 respond to ethylene during all other stages of development. These mutants would reduce the likelihood of causing undesirable hormone interactions with GA 1 during germination, or auxin for gravitropism and phototropism. Unfortunately, 2 mutants that fail to perceive or respond to ethylene typically produce more 3 ethylene (Guzman and Ecker, 1990 ). This appears to occur as a result of a 4 feedback response from a lack of ethylene perception. Using a double mutant 5 that lacked the ability to both synthesize and perceive ethylene would reduce its 6 sensitivity to atmospheric ethylene and minimize its own ethylene synthesis. ethylene-insensitive mutants (Hoffman et al., 1999; Knoester et al., 1998; 18 Thomma et al., 1999) . Hoffman et al. (1999) suggest that ethylene insensitivity 19 may increase disease susceptibility for some pathogens but decrease it for 20 others. Our studies suggest the threshold concentration for ethylene at which 4 pollination and seed set are inhibited in both monocots and dicots is 5 approximately 10 nmol mol -1 (10 ppb). The threshold concentration for inhibition 6 of leaf expansion and vegetative growth is about 30 nmol mol -1 (30 ppb). How 7 ethylene sensitivity interacts with the environment is not well documented. We 8 found that elevated CO 2 does not interact with ethylene sensitivity in wheat, but a 9 warmer temperature was found to decrease ethylene induced sterility in wheat.
10
Genetic differences in sensitivity exist between species and among closely 11 related cultivars. The interaction between genetic and environmental differences 12 needs further study.
13
Reported rates of synthesis range 20 fold from 0.1 to 2.0 nmol kg DW -1 s -1 14 in roots and shoots of healthy plants. We know that ethylene production 15 increases in response to plant stress and that the results of many studies have 
